. Velocity fields and initial plunge temperature profile are introduced in the steady state calculation of the temperature field during welding. And the non-adiabatic heat transfer conditions between the tool, the work piece, and the backing plate are also applied to the model. So a more accurate temperature will be got. It is anticipated that the model can be extended to optimize the FSW process parameters.
Introduction
Friction Stir Welding(FSW) is a relatively new and promising solid-state joining process originally developed primarily for aluminum alloys in 1991 by The Welding Institute(TWI), in Cambridge, UK [1] . FSW has various advantages over traditional fusion welding techniques such as its lower costs, environment friendly, moderate distortion, and versatile.
The basic concept of FSW is related to a non-consumable rotating tool with a specially designed pin and shoulder is inserted into the abutting edges of sheets or plates to be joined and traversed along the line of joint (Fig. 1) .
Fig.1 Schematic of friction stir welding
FSW control applications are subject to many significant process variables such as rotational speed, traverse speed, axial force, plunge depth of pin and shoulder, geometry of tool and work-piece, torque and the field of temperature. In addition FSW process is a coupled thermo-mechanical solid-state process. This process presents a formidable challenge to researchers attempting to characterize this event through various modeling techniques.
Askari et al [3] used CTH, a Sandia National Labs produced hydrocode, to capture the coupling between tool geometry, heat generation, and plastic flow of the material in their three dimensional model. Bendzsak et al [4] also model the FSW process in three dimensions, however they assume the material to be a fluid, with a viscosity equal to that of the material at the eutectic temperature. Various models are available for the contact boundary conditions. Colegrove and Shercliff (2005) assume that the material is completely sticking to the tool. Schmidt and Hattel (2005) study the effect of sticking vs sliding or partially sticking conditions at the tool/workpiece interface on the temperature field. Ulysse [5] ,Heurtier et al. (2006) and Bastier et al. (2008) distinguish between the contact with the shoulder considered as sticking or partially sliding and the contact with the pin that is assumed to be perfectly sliding circumferentially.
Thermo-mechanical model description

Initial condition
At the beginning of a general simulation the temperature is set on entire mesh with 20 same as the room temperature. However the actual process begins with about 7s plunge and 12s preheat process. In order to make the simulation fit the FSW process better we inlet the temperature profiles of the plunge process through experiment.
2.2 Thermal calculation the thermal differential equation is carried out over the volume of the workpiece based on Fourier's equation. An Eulerian steady state formulation is chosen resulting the following energy balance:
Where λ is the thermal conductivity (W/( m·K)), T is the temperature (K or°C), Γd =0.90 is the Taylor-Quinney parameter accounting for the fact that a small part of the energy is stored in the material in the form of defects. σ 0 is the flow stress , ε is the equivalent von Mises plastic strain rate, Q i is the internal heat sources generated by the pin(KJ/ m 2 ), ρ is the material density(kg/ m 
Where K is the "viscosity like" parameter and is set to 1.5(MPa·s m ), m is the strain rate sensitivity, Q is the activation energy of the material flow (kJ/mol),
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The Fourier's equation:
In the equation q* --the heat flow density(W/ m 2 )
λnn--thermal conductivity[W/(m·K)]
Heat generation calculation
The rate of heat generation at the interface between the shoulder and the top of the workpiece surface is a function of the coefficient of friction µ, angular velocity ω, and radius r.The density of heat flow produced by the shoulder according to reference [7] :
Frictional Contact Algorithms
Here τ is the frictional shear stress, α is the coefficient of friction, p is the sensitivity to sliding, V is the difference in velocity between the two surfaces, T is temperature, and ε is strain tensor. The default values of 0.3 and 0.15 were used for α and p respectively. The surface of the backing plate was tied to the bottom surface of the weld material, and not allowed to slip.
In the model the pin is considered to be a internal volume heat source: 
Thermal boundary condition
Here we utilize a non-adiabatic heat transfer condition between the tool, the work piece, and the backing plate. Fig 2 also defines the surfaces of the model repreaented by a hollow cylinder where the internal surface corresponds to the pin and the bottom suface is set on the backing plate. So we apply the convection boundary condition to the model: ( )
For air cooling the exchange coefficient hf=30 W/m 2°C , the backing plate cooling hf=200 W/m 2 ·°C , the temperature of the plate is set to 100°C according to the value optimized by
Feulvarch et al.(2005).
A approximation for the radiation from the tool can be made by: 4 4 ( )
where Q is the energy(W), As is the surface area, ε is the emissivity of the surface, σ is the Stefan Boltzmann constant (5.67 x 10-8 W/ m 2 K 4 ), s u r f T is the surface temperature, and surr T is the surrounding temperature which is set to 20°C.
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Mechanical boundary condition
The model in this paper considers the sliding phenomenon between the shoulder and the workpiece. The phenomenon implies a surface power dissipation: is the mean strain rate in the vicinity of the probe. Some researcher's computation has shown that about 70% of the surface power density is transfered into the bulk of the workpiece.
Numerical implementation
3.1 materials data Table 1 shows the geometry parameters and the material of the tool and Table2 presents the property of base material alloy A7075-T651. 
Finite element model
In modeling the temperature history, the moving heat sources of the shoulder and the probe are presented as moving the heat generation of the nodes in each computational time step. The mechanical effect by the shoulder is involved in the mechanical model, as the relatively larger contact region of the shoulder and the workpiece is expected to contribute a large part of the mechanical stress, especially in the up-half part of the weld. The temperature gradient is large around the welding zone and seriously changes the materials properties. In order to increase the accuracy of the mechanical solution, the thermal and mechanical solutions are coupled: the temperature data at each increment time is used to evaluate the mechanical properties and the thermal parameters.
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Conclusions
Based on the above prescribed model the finite element Analysis software ANSYS is used to implement the simulation. Though the model needs a great deal of simulation and experimental datas, it can fit the actual welding process better. Therefore the result can be a more promising reference to adjust the welding process parameters.
